Social relationships are hypothesized to prevent or slow cognitive decline. We sought to evaluate associations between social relationships and mild cognitive impairment (MCI). Participants from the National Alzheimer's Coordinating Center database who were cognitively normal, aged 55 and older at baseline, and had at least 2 in-person visits (n = 5335) were included. Multivariable Cox proportional hazard models evaluated the association between 4 social relationships at baseline (marital status, living situation, having children, and having siblings) and risk of developing MCI (on the basis of clinician diagnosis following established criteria). Primary models were adjusted for baseline demographics. Participants were followed, on average, for 3.2 years; 15.2% were diagnosed with MCI. Compared with married participants, risk of MCI was significantly lower for widowed participants (hazard ratio: 0.87; 95% confidence interval: 0.76, 0.99) but not for divorced/separated or never-married participants. Compared with living with a spouse/partner, risk of MCI was significantly higher for living with others (hazard ratio: 1.35; 95% confidence interval: 1.03, 1.77) but not for living alone. Risk of MCI was not associated with having children or having siblings. These results did not consistently identify social relationships as a strong risk factor for, or independent clinical predictor of, MCI.
(Alzheimer Dis Assoc Disord 2014; 28:253-260) A pproximately 14% of older adults in the United States have dementia, 1 ranging from 1.9% of adults ages 65 to 69 years to 47.5% of adults aged 90 years and older. 2 Unless strategies to prevent or delay the onset of dementia are identified, the prevalence and the associated costs of dementia could nearly triple by 2050. 3, 4 One strategy proposed to help older adults maintain cognitive function has been to improve aspects of an individual's social relationships. 5, 6 It is hypothesized that having social relationships may positively influence health behaviors and psychological processes 7, 8 and provide mental stimulation, which may enhance cognitive reserve or the ability of the brain to function despite neuropathology. 9, 10 Several previous studies provide evidence that important social relationships, such as being married and living with someone, are associated with lower risk of developing dementia [11] [12] [13] and with slower rates of cognitive decline [14] [15] [16] [17] independent of the perceived quality of the relationship.
However, other studies have failed to find consistent longitudinal associations between social relationships and cognitive impairment. [18] [19] [20] [21] [22] There is a concern that positive associations have been observed previously because early cognitive decline may lead to social isolation (reverse causation). 23 Therefore, it may be important to use sensitive measures of cognition at study baseline to exclude participants with subtle cognitive impairments.
It may also be useful to follow participants for clinical outcomes that mark early disease states such as mild cognitive impairment (MCI), an intermediate clinical diagnosis of early cognitive impairment thought to lie along a general continuum to dementia. 24 This approach may help identify older adults at higher risk of cognitive decline in earlier stages of the disease pathogenesis, and it may inform the development of preventive strategies. Furthermore, if social relationship status is independently associated with risk of MCI, social relationship status could easily be assessed by clinicians. To our knowledge no prior study has extensively evaluated the role of a variety of important social relationships with risk of MCI.
The primary objective of this study was to evaluate the associations between important social relationships and risk for incident MCI in cognitively normal older adults who were evaluated by one of the National Institute on Aging's Alzheimer's Disease Centers (ADCs). We hypothesized that participants who reported having social relationships would have a lower risk of MCI compared with those who did not. We also assessed whether associations between social relationships and risk of MCI would differ according to sex, as there may be sex-specific effects of social relationships on health status 25 and cognitive decline. 13 Finally, because genetic predisposition to dementia may modify the effect of social relationships on risk of MCI, 14 we also investigated the interaction between social relationships and having the major genetic risk factor for late-onset Alzheimer disease (the APOE E4 allele). 26 
METHODS

Data Source
Data were obtained from the National Alzheimer's Coordinating Center (NACC). NACC maintains the Uniform Data Set (UDS), 27, 28 which includes standardized clinical data from participants who were evaluated by 1 of 34 past and present ADCs throughout the United States. Each ADC recruits and enrolls participants according to its own protocols; participants are generally volunteers who want to take part in a research study or were referred to the ADC because of concerns about their health, cognition, or behavior.
Methods and rationale for the UDS have been previously published. 28 Briefly, data were collected by clinicians or trained interviewers through in-person office visits at each ADC. Research participants were asked to attend with a friend or family member who could provide information on their cognitive and functional abilities. 29 All participants received an initial clinical evaluation and up to 7 annual follow-up evaluations. 27, 28 Informed consent was obtained from all participants at the individual ADCs. Centers had IRB approval to gather data, and data received from NACC were de-identified. This research was approved by the University of Washington IRB.
Study Sample
The analytic sample consisted of UDS participants who had data entered into the NACC database between September 2005 and September 2012. Participants were eligible for this analysis if they were aged 55 years and older at the initial visit and had "normal" cognition. Normal cognition was defined on the basis of clinician assessment and scoring within the normal range on both the Clinical Dementia Rating 30 (sum of boxes = 0) and Mini-Mental State Examination 31 (score = 24 to 30). Only participants with complete (no missing or unknown) information on all measures were included.
Measures
Primary Exposures: Social Relationships
Data from baseline interview assessments on marital status, living situation, and biological family members were used to derive 4 primary measures of social relationships. Marital status was defined as a 4-category indicator variable: married or living as married (reference), widowed, divorced/separated, or never-married. Living situation was defined as living with spouse/partner (reference), living with others (ie, living with relatives or living in a group), or living alone. Having children was defined as having at least 1 biological child, living or deceased (reference), or none; having siblings was defined similarly.
Primary Outcome: MCI
Diagnoses of MCI were made at all ADCs by either a single clinician or a consensus group of clinicians, after a review of all evaluation information available. The diagnosis was established according to published criteria, 32 such that participants were determined to have MCI if they did not meet criteria for dementia diagnosis but had complaints about their cognition, their cognition was not normal for their age, and they had recent cognitive decline but essentially normal functional activities. 32 Covariates Demographic factors were assessed by means of baseline structured interviews. These included age at initial intake, level of education achieved [categorized as high school or less (0 to 12 y); some college (13 to 15 y); graduated college (16 y); or graduate school (16 + y) in this analysis], and sex (male, female). Both race and Hispanic ethnicity were recorded. For this analysis, race and ethnicity were combined into the following categories: Caucasian-Non-Hispanic, African American-Non-Hispanic, Hispanic (any race), and Other-Non-Hispanic.
Cigarette-smoking status was dichotomized into current versus previous/never-smoker for this analysis, on the basis of history of cigarette smoking (assessed by the question: "Has the subject smoked >100 cigarettes in her/ his life?") and current smoking status (assessed by the question: "Has the subject smoked in the last 30 d?"). Problematic alcohol use was assessed by asking for the clinician's best judgment about whether over a 12-month period the subject had experienced significant impairment in work, driving, or legal or social areas due to alcohol use. Responses were recorded as absent, recent/active, remote/ inactive, or unknown. We derived a measure of current problematic drinking on the basis of a response of "recent/ active" to this question.
Clinicians also assessed a series of other physical and mental health conditions, for example, cardiovascular diseases, diabetes, hypertension, and depression. With the exception of depression, participant history for each condition was recorded as absent, recent/active, remote/inactive, or unknown. Depression was recorded as active within the past 2 years (yes, no, unknown) and as episodes before 2 years (yes, no, unknown). For this analysis, the number of physical health conditions documented at baseline as recent/active or remote/inactive was categorized as none, 1, 2, 3, or 4 or more conditions). History of depression (yes, no) was defined as any current or prior history of the condition.
On the basis of each ADC's protocol and participant preference, APOE genotyping was conducted for a select sample of participants, and genotype information was linked to the UDS; APOE E4 allele status, a primary genetic risk factor for late-onset AD, was defined as having at least 1 E4 allele or none.
Statistical Analyses
Our analyses assessed time to first clinical MCI diagnosis (any subtype) as reported in the UDS. All participants at baseline were considered cognitively normal but capable of developing MCI. The onset of MCI was estimated as the midpoint between the last cognitively normal evaluation and the first-ever evaluation with a diagnosis of MCI or dementia if there was no previous diagnosis of MCI (participants were assumed to have passed through an MCI stage). Participants who did not develop MCI were censored at their last clinical evaluation.
Participant characteristics were described for the entire analytic sample and compared across clinical outcome (did not develop MCI vs. developed MCI). Comparisons across 2 measures of social relationships (marital status and living situation) were also conducted. Comparisons were not made across other measures of social relationships because of the small numbers of those who did not have children or siblings. Categorical measures were compared with w 2 tests.
To describe unadjusted differences in the risk of developing MCI according to social relationships, incidence of MCI per 1000 person-years was assessed by social relationship status. Kaplan-Meier graphs were used to visualize unadjusted differences in probability of developing MCI with time according to social relationship measures. Survival functions were compared across social relationship status for each exposure using log rank tests.
Subsequently, multivariable Cox proportional hazard models were fit to evaluate the associations between baseline social relationships and risk of developing MCI. Cox models were assessed separately for each exposure measure, years since initial visit were used as the time scale, and the Efron method 33 was used to handle events that occurred at the same time. Models included adjustment for clustering by ADC to account for potential correlation of evaluations within centers. Primary models were adjusted for age at baseline, sex, education, and race/ethnicity. Age at baseline was modeled continuously using a linear spline, a piecewise linear function, that allowed the slope to vary among age categories (55 to 64, 65 to 74, 75 to 84, and 85 +). Baseline hazards were allowed to vary according to race/ethnicity to account for nonproportionality. Secondary models were also adjusted for baseline smoking status and problematic alcohol use, as well as the number of physical health conditions and depression at baseline. A sequential modeling approach was taken for adjustment of covariates because health behaviors and health conditions included in secondary models are potential confounders (they may be associated with risk for cognitive impairment 6 and social relationship status), but they are also potential mediators because health behaviors and health conditions may be influenced by social relationships. 7, 8 As depression could be a preclinical symptom of dementia, 34 we also separately assessed the association of depression at baseline and MCI to determine whether it was likely independent of the relationship between social relationships and risk of MCI.
Next, because the association between social relationships and risk of MCI may vary on the basis of sex 13 or APOE E4 allele status, 14 we repeated main analyses but included a multiplicative interaction term for each potential effect modifier (ie, sex Â social relationship and APOE E4 allele Âsocial relationship). In models in which there was no significant interaction between APOE E4 allele status and social relationships, APOE E4 allele status was included as a covariate, as APOE E4 is strongly associated with dementia risk 26 and may act as a potential confounder if the distribution of APOE E4 allele status differed by social relationships due to study selection factors, for example. Proportional hazards assumptions were assessed and satisfied analytically (by testing Schoenfeld residuals and including covariates as time dependent) and graphically (Schoenfeld residuals vs. time plots and log-log plots). Statistical analyses were performed using STATA 12.0. All tests were 2-tailed with a-levels set to 0.05. The term "significant" was used to indicate statistical significance.
RESULTS
The final analytic sample comprised 5335 participants, among whom there were 812 cases of incident MCI during follow-up ( Fig. 1 ). On average, participants were followed for 3.2 years after the initial visit (SD = 1.8). The vast majority (91.7%) of participants came to the ADC as a volunteer to participate in a research study.
Compared with participants who did not develop MCI during follow-up, participants who developed MCI tended to be older and had worse cognition at baseline. A higher proportion were men, were non-Hispanic Caucasians, had lower levels of achieved education, had more health conditions, and had at least 1 APOE E4 allele (Table 1) . A majority of participants were married (58.2%), lived with their spouse/partner (57.0%), had at least 1 child (83.6%), and had at least 1 sibling (88.3%). Relatively few participants were never-married (5.5%) or living with someone other than their spouse or partner (6.8%).
There were substantial differences in demographic characteristics and health histories according to marital status and living situation (see Tables, Supplemental Digital Content 1, http://links.lww.com/WAD/A80 and Supplemental Digital Content 2, http://links.lww.com/WAD/A81, which describe baseline characteristics by marital status and living situation, respectively). In general, married participants were more often Caucasian men, were nonsmokers, and tended to have fewer health conditions than widowed, divorced/separated, or never-married participants. Widowed participants also tended to be older and less educated than married, divorced/separated, and never-married participants. Participants who lived with others (not their spouse) or alone were more often women, older, non-Caucasian, less educated, and had more health conditions than participants who lived with their spouse/partner. Participants who lived with others were more often younger, non-Caucasian, less educated, smokers, and depressed, and were more likely to have at least 1 APOE E4 allele compared with participants who lived alone.
The overall incidence of MCI was 47.3 per 1000 person-years; however, rates were higher among participants who, at baseline, were widowed, living with others or living alone, or had no siblings ( Table 2) . Kaplan-Meier survival curves showing the estimated probability of not developing (Fig. 2) were lower for widowed participants compared with other marital statuses and for participants living alone or with others compared with participants living with a spouse/partner. Overall, survival functions were significantly different among marital statuses and living situations but not for having children or having siblings (Fig. 2) . Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) are presented in Table 3 for primary and secondary models. In primary analytic models, risk of developing any MCI was significantly lower for those widowed at baseline (vs. married); however, there was no significant difference in risk of MCI for participants who were divorced/separated or never-married at baseline compared with married participants. Meanwhile, risk of MCI was significantly higher for those living with others (vs. living with spouse/partner) but not for those living alone (vs. living with spouse/partner). There was no evidence to support an association between risk of MCI and having children or having siblings in multivariable models. Results were similar after additional adjustment for health behaviors and health conditions ( Table 3 ). There was a significant association between depression and risk of MCI after adjustment for age, sex, education, race/ethnicity, smoking status, problematic alcohol use, and number of health conditions (HR: 1.36; 95% CI: 1.12, 1.66; P = 0.002); however, results did not differ substantially on the basis of inclusion or exclusion of adjustment for depression in secondary models, therefore models including depression are presented ( Table 3 ). There were no significant interactions between any measure of social relationships and sex or APOE E4 allele.
After additional adjustment for APOE E4 allele among 4168 participants with known APOE genotype, risk of MCI was significantly reduced for participants living alone versus those living with spouse/partner (HR: 0.88; 95% CI: 0.78, 1.00; P = 0.05); however, no other results were significantly changed.
With concern that results could be driven by participants with rapid disease onset, we conducted a sensitivity analysis excluding 102 participants who were diagnosed with dementia after a visit with normal cognition (ie, there was no observed MCI diagnosis); results were somewhat attenuated, such that the difference in risk of MCI between widowed and married participants was no longer significant, but otherwise similar (data not shown).
To explore the influence of age on our results we conducted additional sensitivity analyses. First, we ran models with age as the only covariate, which resulted in similar estimates as primary adjusted models (data not shown). Next we re-ran primary analyses stratifying according to baseline age (less than 75 and 75 y or older). Among participants less than 75 years of age, there were no significant associations between social relationships and risk of MCI (Supplemental Digital Content 3, http://links.lww.com/WAD/A82). However, among participants aged 75 years or older, those who were widowed and those who were living alone had a significantly lower risk of MCI compared with those married and living with a spouse, respectively (Supplemental Digital Content 3, http://links.lww.com/WAD/A82).
DISCUSSION
We investigated the individual associations between risk of MCI and 4 types of important social relationships (being married, living with others, having children, and having siblings) in older adults using a large multicenter clinical research data set. Contrary to our hypothesis that having social relationships would be associated with lower risk of MCI, we found inconsistent relationships between social relationships and MCI after iterative adjustment for demographics alone as well as demographics, substance use, and comorbidities.
Several prior studies did not find evidence for a longitudinal association between having social relationships and cognitive functioning, independent of potential confounders. [18] [19] [20] [21] 35 Our study extends these findings to risk of MCI, a predementia-based clinical diagnosis. However, our results were unexpected as many studies have found associations between social relationships and cognitive outcomes. 12, [14] [15] [16] 36 Discrepancy between prior studies and our results may be due to several important differences. Our study improved upon many prior studies by using strict entry criteria to try to eliminate participants with subtle cognitive deficits that may have influenced their social relationships before study enrollment. Positive findings in some prior studies may have been due to reverse causation; individuals with good cognition may retain social relationships over time compared with participants with poor or declining cognition. 23 When potential reverse causation is better accounted for, results are less consistent. [14] [15] [16] 35 However, this was a sample of clinical research volunteers, and an individual's social relationship status may have influenced enrollment. For instance, participants may be more likely to participate if they had more social relationships, possibly because of pressure from family or friends. Little variation in social relationships may have reduced our power to detect an association. In addition, frequency of contact and quality of relationships were not assessed in the UDS. Measures that integrate information on quality and quantity of social relationships tend to be stronger predictors of mortality than basic relationships 37 and may have more power to detect associations.
In this analysis, despite increased rates of MCI for widowed participants and those living alone or with others, after iterative adjustment for potential confounders, widowed participants had a reduced risk of MCI compared with married participants, whereas participants living with others had an increased risk of MCI compared with those living with a spouse/partner. Risk of MCI did not differ between divorced/separated or never-married participants and married participants or between those living alone and those living with a spouse. In addition, there was no evidence for an association between risk of MCI and having children or siblings. Finally, we did not find evidence that sex and APOE E4 allele status modified the effect of social relationships on risk of MCI; however, among participants with the same APOE E4 allele status, participants living alone had a reduced risk of MCI compared with those living with their spouse. Our sensitivity analyses suggest that adjustment for age alone drove our primary results, and that associations may differ by age. Our findings with marital status, in particular, may have been primarily due to associations among older aged participants. Together our results suggest that social relationships, in general, are not consistently associated with MCI. Participants who were unmarried at baseline or were living alone may have been underdiagnosed compared with married participants, perhaps because of lack of a knowledgeable witness. Widowed participants, in particular, may have a reduced risk of MCI, in this sample, due to the competing risk of death 38 and/or enrollment of individuals that had found ways to stay healthy and active after bereavement. These factors may have a greater effect among older ages, which could help explain why reduced risk of MCI for widowed participants (and those living alone) was limited to older participants. Furthermore, although we restricted our sample to those without cognitive impairment (Clinical Dementia Rating-sum of boxes = 0) onset of subclinical cognitive problems or poor physical health before enrollment could have influenced individuals to live with others, which may explain our finding that living with others and not alone was associated with increased risk of MCI compared with living with a spouse/partner. Although the present study had limited data regarding death of participants, future research in samples with standardized ascertainment of death and/or data on health and living status before study enrollment should be conducted to further explore these possibilities.
There are several important limitations to this study. Our results could have been biased if there were differential dropout or follow-up of participants (nondifferential dropout is assumed by the model). For example, participants with social relationships may be more likely than those without to keep returning to visits. Meanwhile, socially isolated participants may be more likely to drop out, especially when they develop cognitive problems, perhaps due to lack of assistance. Consequently, risk of MCI could be estimated in our study as falsely high among participants with social relationships, which could cancel out additional risk associated with social isolation, if any. Lack of data on participant dropout and death limits our ability to assess this potential bias. Short follow-up period and censoring in the data may have limited the power of our study to detect differences. We attempted to maximize power by assessing risk of developing any MCI; however, clinical presentation of MCI is heterogenous, and recent research on incident MCI suggests that risk factors may differ depending on the MCI subtype. 36 We used baseline measures of social relationships; however, these may have changed over the follow-up period. In addition, children and siblings, whether alive or deceased, were counted without considering the quality or frequency of contact. Finally, our results may not be generalizable to the US population, as participants may have been motivated to participate in research due to high education level or to family history of dementia or other risk factors.
Nevertheless, this study has important strengths as well. This study was a large multicenter prospective study of the associations between multiple social relationships and risk of MCI. Participants underwent in-depth neuropsychological testing and clinical evaluation at each visit, and diagnosis of MCI was based on established criteria. Identification of persons potentially at risk of MCI may point to potential targets for prevention. Other strengths included allowing for potential differences between subcategories of participants who were not currently married or living with their spouse in our definitions of marital status and living situation. Finally, we included robust and iterative adjustment for potential confounders.
In conclusion, we did not find consistent evidence to support the hypothesis that having social relationships is associated with reduced risk of MCI after adjustment for important confounders. More research may be needed to elucidate the relationships between risk of MCI and social relationships before deciding that enhancing social relationships should not be a focus of interventions to prevent dementia or to identify at-risk patients. The role of children and siblings on the development of MCI could be studied further, as well as the relationships between marital status and living situation. Studies should recruit from diverse populations that have variability in social relationships. Protocols should be used for regular follow-up at defined periods, and efforts should be made to obtain some information for those who fail to attend follow-up evaluations. Further efforts to use more sensitive analytic tools should be attempted. Longitudinal methods of continuous measures that can detect early changes in cognition may be more sensitive than time-to-event analysis to detect an association, while still focusing on early-stage cognitive impairment. Yet our results suggest that demographic information may be a stronger and more clinically relevant predictor of risk of MCI. Further research is needed determine whether other potentially important modifiable risk factors for dementia are also associated with risk of MCI. Identifying other potentially modifiable factors could help find alternative strategies to prevent MCI and progression to dementia.
